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SECTION A
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X. If you change
your mind, put a line through the box $¢ and then mark your new answer with a cross [X.

1: 25cm’ of sodium hydroxide solution, of concentration 2.00 mol dm™3, was added to
30 cm’ of ethanoic acid solution, of concentration 1.00 moldm™, in a polystyrene cup.
The mixture was stirred, causing the temperature to increase by 6.5 °C.

(@) What is the expression for the enthalpy change of neutralisation of
sodium hydroxide and ethanoic acid, in Jmol™?

V3HY SIHLNEILIHM 1ON Od

[Assume: the specific heat capacity of the mixture = 4.18)g™" °C”’
the density of the mixture = 1.00gcm™]

—-(25%x 4.18 X 6.5) + 0.05
-(30x4.18 x 6.5) + 0.03

O o oo

A
B
C —(55%x4.18x6.5)+0.05
D -(55x%x4.18 x6.5)+0.03

(b) The measurement uncertainty in the thermometer used in the experiment is
+0.5°C for each reading.

What is the percentage uncertainty in the temperature change of 6.5°C?

V3dY SIHLNEILIHM 1ON Od

L] 3.8%
7.7%

15.4%

O N w >

L]
L]
L] 30.8%

(Total for Question 1 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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2: (a) Methane burns to produce carbon dioxide and water vapour.

CH4(g) + 20,(g) = CO,(g) + 2H,0(g) AH =-810kJ mol™

Some bond enthalpy data are shown.

Bond Bond enthalpy/kJ mol™
C—H 413
0=0 498
O—H 464

What is the mean bond enthalpy for the C=0 bond, in kimol™'?

] A 552
1 B 801
1 ¢ 1016
[l D 1265

(b) A data book value for the standard enthalpy change of combustion of methane

is ~-890kJ mol ™.
What is the experimental value for the enthalpy change of vaporisation of water
in kJmol™"?
H,O(l) —» H,0(9g)
] A -40
[ B +40
[l C -80
[l D +80

(Total for Question 2 = 2 marks)

3: Which amine, with molecular formula C;H;N, has the lowest boiling temperature?

N

0
0
0

e

A

B
C
D

(CH;)sN
CH;CH,NHCH;
CH5CH,CH,NH,
CH;CH(NH,)CH;

(Total for Question 3 = 1 mark)

NN 0 0 3
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4: An aqueous solution of potassium chloride is added to a solution of iodine in hexane

and shaken. After a time, two layers are formed.

What is the colour of each layer?

Upper layer = Lower layer
A purple yellow
B yellow purple
C purple colourless
D | colourless purple

(Total for Question 4 = 1 mark)

: Which is the correct order of increasing oxidation number of nitrogen in

NO, NO; and NH;?

[J] A NH; NO NO;
[J B NH; NO; NO
[J] € NO NH; NO;
[J D NO; NH; NO

(Total for Question 5 = 1 mark)

: The most common sources of iodine contain the iodate ion 10;.

lodate ions react with iodide ions in acidic conditions as shown.

51" + IO + 6H" — 3L, + 3H,0

The forward reaction is best described as

[J A disproportionation
] B neutralisation

[J € oxidation

[ D redox

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

GradeMax
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7: Which electron movement causes the yellow colour produced in a sodium chloride

flame test?

[J A addition of an electron to a sodium ion

[J B an electron moving from a 3p to a 3s orbital
[J € anelectron moving from a 3s to a 3p orbital
[ D removal of an electron from a sodium atom

(Total for Question 7 = 1 mark)

8: 20g of an impure sample of calcium carbonate is heated and

decomposes completely.
3.6dm’ of carbon dioxide is produced at room temperature and pressure (r.t.p.).

What is the percentage purity of the sample?
Assume that the impurities do not produce carbon dioxide when heated.

[M,CaCO;=100  molar volume of a gas = 24dm’>mol™ at r.t.p.]

L] A 15%
] B 20%
L] € 25%
] D 75%

(Total for Question 8 = 1 mark)
In an experiment to measure the rate of reaction, a sample of magnesium ribbon, of
mass 0.24 g, was added to 25 cm® sulfuric acid, of concentration 1.00 moldm™.

In a second experiment, a sample of magnesium powder, of mass 0.24 g, was added
to 50 cm’ sulfuric acid of the same concentration.

What are the expected differences in observations in the second experiment?

Rate of reaction = Total volume of hydrogen produced

LI A no change no change
] B no change increases
0 ¢ increases no change
0 D increases increases

(Total for Question 9 = 1 mark)

5
o NN 0
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10: Which change increases the proportion of particles in a reaction that have sufficient

11:

energy to react?

[J A anincrease in reaction temperature
[0 B adecrease in reaction temperature
[J € anincrease in reactant concentration
[ D adecrease in reactant concentration
(Total for Question 10 = 1 mark)
In the production of sulfuric acid, sulfur(V) oxide reacts with oxygen to form

sulfur(VI) oxide.

250,(g) + O,(g) = 2S0s(9)

In a closed system, the mixture is allowed to reach equilibrium.

(@) Which of the following statements must be correct?

[J A the reactions stop

[J B the sum of the masses of sulfur(lV) oxide and oxygen is equal to the
mass of sulfur(VI) oxide

[J € the rate of formation of sulfur(VI) oxide is equal to the rate of
its decomposition

[0 D the concentration of sulfur(lV) oxide is equal to the concentration of
sulfur(VI) oxide

(b) How does the use of a catalyst affect the equilibrium?

L] A only the rate of the forward reaction increases
[J B the position of equilibrium moves to the right
[J € the position of equilibrium moves to the left

[J D thereis no effect on the position of equilibrium

(Total for Question 11 = 2 marks)

GradeMax

Use this space for any rough working. Anything you write in this space will gain no credit.
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12: This question is about organic compounds containing four carbon atoms.
OH
N
butanone butanal butan-2-ol methylpropan-2-ol
(@) Which compound has peaks in its mass spectrum at m/z 74 and 45?
[J A butanone —
[J B butanal —
[J € butan-2-ol —
[ D methylpropan-2-ol —
(b) Which compound can be oxidised to form a ketone?
[J A butanone —
[J B butanal —
[J € butan-2-ol —
[J D methylpropan-2-ol —
(c) Which compound forms a red precipitate when warmed with Fehling’s solution?
[J A butanone —
[J B butanal —
[J € butan-2-ol —
[ D methylpropan-2-ol —

(Total for Question 12 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.

e
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13: Halogenoalkanes, R—X, react when warmed with aqueous silver nitrate in the
presence of ethanol.

The rates of reaction of 1-chlorobutane, 1-bromobutane and 1-iodobutane o
were compared. g
(@)
(@) The rate was fastest for 1-iodobutane and slowest for 1-chlorobutane. g
Which is the best explanation for this result? 3
m
— [J A the bond strength of the hydrogen halide molecule decreases going E
down the group s
74)
— [J B the carbon-halogen bond polarity decreases going down the group ;
m
— [J € thefirstionisation energy of the halogen decreases going down =
the group
— [J D the carbon-halogen bond strength decreases going down the group
(b) What is observed when 1-bromobutane is warmed with aqueous silver nitrate in
the presence of ethanol? )
(@)
2
— [J A anorange solution o
— [J B acream precipitate soluble in dilute aqueous ammonia ,EU
=
— [J € acream precipitate insoluble in dilute agueous ammonia 5
2
— [J D ayellow precipitate insoluble in dilute aqueous ammonia 5:'
7
5
(c) What is the mechanism of these hydrolysis reactions to form alcohols? u,
— [J A electrophilic addition
— [J B elimination
— [J € free radical substitution
— [0 D nucleophilic substitution &
o
(Total for Question 13 = 3 marks) 2
%
TOTAL FOR SECTION A =20 MARKS ,EU
=
m
2
=
&
w
>
=
m
>
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

14: This question is about nitrogen, hydrogen and their compounds.

(a)

e

Ammonia is produced in the Haber process.
Nitrogen and hydrogen react at a pressure of 200 atmospheres and
a temperature of 725K, using an iron catalyst.

Explain how a catalyst increases the rate of a chemical reaction, using the
Maxwell-Boltzmann distribution shown, and the collision theory.

Number of
particles with
energy, E

E, Energy, E

P 7 8 7 4 3 A 0 9 2 4

GradeMax
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(b) Storing and transporting hydrogen can be difficult due to its low energy density.

This has led to the use of various hydrides which contain a high proportion of

=,
hydrogen and are easier to liquefy and transport. o
2
(i) Explain the differences in the boiling temperatures of the 9|
Group 5 hydrides shown. =
Detailed descriptions of the intermolecular forces are not required. 3
m
Z
Hydride = Boiling temperature/K E'
v
NH, 240 >
=
PH; 186
AsH; 212
SbH; 256
o
(@)
2
.................................................................................................................................................................................................................................................................................... (o)
-
=
.................................................................................................................................................................................................................................................................................... )
—|
m
.................................................................................................................................................................................................................................................................................... >
=
T
.................................................................................................................................................................................................................................................................................... A
3>
=
.................................................................................................................................................................................................................................................................................... m
>
(i) Hydrogen has been proposed as an alternative fuel to petrol. o
Explain why hydrogen is a more environmentally friendly fuel than alkanes. g
2
=
.................................................................................................................................................................................................................................................................................... X
-
m
.................................................................................................................................................................................................................................................................................... >
-
I
.................................................................................................................................................................................................................................................................................... &
B
=
.................................................................................................................................................................................................................................................................................... m
>

— NN 10O 0 O 0
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(c) Ethylamine may be prepared from the reaction between ammonia

and bromoethane.

(i) State the conditions for this reaction.

(ii) Complete the mechanism for this reaction.
Include curly arrows, and relevant dipoles and lone pairs.

H H H H H
| ]
H—?—?— Br — H—(|Z—?— r|\|+— H
H H H H H

H H
| H
e

pd
H—C—C—N__
| H
H H

(iii) Further substitution of the ethylamine molecule may occur if the
halogenoalkane is in excess.
State two features of the ethylamine molecule that make this possible.

(Total for Question 14 = 17 marks)

11
o NN 100 R 0
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15: This question is about the reactions of some elements in Group 7.

(@) When chlorine water is added to a solution of potassium bromide, a pale brown

- &)
colour is seen. o
2
Write an ionic equation for this reaction. 9|
State symbols are not required. :Eu
=
m
Z
z
(b) Chlorine is used to treat drinking water. v
>
Cly(g) + H,O(l) = HClO(aq) + HCl(aq) =
p

By considering oxidation numbers, show that this equation represents a

disproportionation reaction.
)
.................................................................................................................................................................................................................................................................................... O
2
()
.................................................................................................................................................................................................................................................................................... oo |
=
=
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA q
m
(c) Concentrated sulfuric acid, H,SO,, reacts with solid potassium halides. Z
Some observations are shown in the table. 2
a
>
Halide Observations E
Potassium chloride Misty fumes
Potassium bromide | Misty fumes and brown vapour
Potassium iodide | Misty fumes and purple vapour

S
(i) The equation for the reaction of concentrated sulfuric acid with =
potassium chloride is shown. 3
H,SO, + KCl — HCl + KHSO, :Eu
F'n
State why this is not a redox reaction. =
=
£
w
.................................................................................................................................................................................................................................................................................... b
=
m
>

— NN 10O 0 0
CIEImC]
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(i) The half-equation for the oxidation of iodide ions is shown.

< 20 > L + 2e

o

: The half-equation for the reduction of concentrated sulfuric acid to

|-E- hydrogen sulfide is shown.

= 8H" + H,SO, + 8¢ — H,S + 4H,0

LLl

-

e Deduce the ionic equation for the reaction between iodide ions and

E concentrated sulfuric acid by combining these two half-equations.

(©)

2

)

(@)

<L

19

e

<

% (iii) Explain the difference in the reaction of concentrated sulfuric acid with

- chloride ions and with iodide ions.

2

w

e

= 200 0000000000000 OO0 o000 o000 OO0 O OO Os OO
=

=

0 | oo et e ettt e et 18R £ 1R 1Rt et
2

(@)

2o oS 0000000000000
T
&: (Total for Question 15 = 7 marks)
-4

T

o

=

L

e

o

=

e

Q

Z

(@)

o

13
o NN 10O 0 R 0 0
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16: This question is about secondary alcohols.

(@) Give a chemical test, including the result, to show that alcohols contain an

@)
OH group. (@)
2
@)
—'
=
.................................................................................................................................................................................................................................................................................... =
—|
m
.................................................................................................................................................................................................................................................................................... E
—|
<
.................................................................................................................................................................................................................................................................................... =
(b) A sample of cyclohexanol contains 7.13 g of carbon, 1.19g of hydrogen and ::;
1.58g of oxygen. =
Show that this data is consistent with the empirical formula C¢H,,0.
o
o
2
o
-
3
=
o
m
Z
=
P
W
>
=
5
>
W)
o
2
o
(c) Cyclohexanol can be converted to cyclohexanone. ;
=
(i) Name the reagents and conditions for this conversion. r:|n
=
-
.................................................................................................................................................................................................................................................................................... e
W
>
)
.................................................................................................................................................................................................................................................................................... 2
>

— NN 000 0
CIEImC]
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(i) The infrared spectrum of cyclohexanol is shown.

<L _
']
n: |
& |
0 _
T |
= i
= Transmittance
o |
L_- —]
m -
= :
=
5 |
= |
o |
(.}
IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIII
3000 2000 1000
Wavenumber / cm™
Describe two differences, other than the fingerprint region, that would be
expected in the infrared spectrum of cyclohexanone.
<t
L
e
<
T liiliill
X
=
R
Ll
ot
e
=
e
Q
2
O . | o8
a
= (iii) Give a reason why cyclohexanol and cyclohexanone can be separated by
&‘ fractional distillation but not by simple distillation.
¥%)
T
o
| e e
L
k=
e ersco S [OOSR
=
e
o
Z
(@)
(]

15
o NN 100 R 20
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*(d) Discuss the reactions between sodium hydroxide and 2-chlorobutane.

The hydroxide ion acts in two different ways depending on the
reaction conditions.

Include the structures of four possible products, the reaction conditions needed
and the roles of the hydroxide ion.

Detailed mechanisms are not required.

V3HY SIHLNEILIHM 1ON Od

VAUV STHL NI ILIHM 1ON.Od

Y3dY SIHL NI ILIIM 1ON Od
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(Total for Question 16 = 15 marks)
TOTAL FOR SECTION B =39 MARKS
. J
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided. o
o
17: Magnesium carbonate has been studied recently as a potential material for the (23
removal of carbon dioxide from the atmosphere. g
(@) The value of nin a sample of a hydrated magnesium carbonate, MgCO;-nH,0, g
can be determined by the reaction with hydrochloric acid. !
The equation for the reaction is shown. 3
-
MgCO;:nH,0(s) + 2HCl(agq) — MgCl,(ag) + CO,(g) + (n+1)H,0(l) 0
b
=
Procedure Step 1 Add 0.0600 mol of hydrochloric acid (an excess) to a ;
2.35g sample of the hydrated magnesium carbonate.
Step 2 When the reaction is complete, transfer the resulting solution
to a 250cm’ volumetric flask, make up to the mark with
deionised water, and mix thoroughly.
Step 3 Titrate 25.0 cm’ portions of the solution with sodium hydroxide
solution of concentration 0.0960 moldm™. 8
Data The mean titre volume = 27.15cm’ (Zg
)
Determine the value of n in the hydrated salt. E
=
m
2
=
T
7
3>
.
m
>
)
o
2
(@)
|
=
=
-
m
2
-
&
w
B
=
m
>

— NN 100 R O 0
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(b)

e

The enthalpy change for the thermal decomposition of anhydrous
magnesium carbonate, A,H, was measured indirectly using the enthalpy changes
for the two reactions shown and applying Hess's Law.

Reaction 1
MgO(s) + 2HCl(agq) — MgCl,(aq) + H,O(l) AH,

Reaction 2
MgCOs(s) + 2HCl(agq) — MgCl,(ag) + H,O(l) + CO,(g) AH,=+3.58kIJmol™

An experiment was carried out to measure the enthalpy change of reaction, A H,,
for Reaction 1.

1.92 g of magnesium oxide was added, with stirring, to
40.0cm’ dilute hydrochloric acid (an excess) in an insulated container.
The temperature rise was 30.8 °C.

(i) Calculate AH, for Reaction 1. Include a sign and units in your answer.

[Assume the specific heat capacity of the solution =4.18Jg™'°C"
the density of the solution = 1.00gcm™]

p 7 8 7 4 3 A 0 1 9 2 4

GradeMax

19
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(i) The enthalpy change of decomposition, A,H, of magnesium carbonate can be
found using a Hess cycle.

Calculate the enthalpy change of decomposition by using a completed o
Hess cycle, your answer to (b)(i) and the enthalpy change of reaction g
for Reaction 2. o
—|

Give your answer to an appropriate number of significant figures. §
—|

m

MgCOs(s) ————» MgO(s) + CO,(g) =

T

v

>

)

m

>

)

@)

2

Q

-

=

=

—|

m

2

=

o o

7

>

)

m

I

O

(iii) Give a reason why it is not possible to measure the enthalpy change for the g
decomposition directly. 3
=

=

-
.................................................................................................................................................................................................................................................................................... m
2

-
.................................................................................................................................................................................................................................................................................... T
7

B

)

m

>

— NN 10O 0D Y 0
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(c) The steps involved in using magnesium carbonate ore in a process to capture
carbon dioxide from the air are shown.

<
']
% MgCO; Furnace T CO, Plots of land
0
T
S MgCO; > MgO+CO, |—> | MgO | ——> | After1year
= MgCO;,
- has formed
e
=
o
Z « the magnesium carbonate ore is heated in a furnace and decomposes and the
8 carbon dioxide produced is stored

« the magnesium oxide produced is transported to plots of land where it is

spread to a depth of 0.1 m and reacts with carbon dioxide over a year
« the magnesium carbonate formed is then returned to the furnace and the
process repeated.

Heating the furnace to decompose the magnesium carbonate accounts for most
E of the energy requirements of the process.
<t . . . -
o (i) Explain, with reference to the thermal stability of the Group 2 carbonates,
T why the use of calcium carbonate rather than magnesium carbonate would
= increase the cost of the process.
w
=
e
L
=
Q
B2 | et
o
a
< ....................................................................................................................................................................................................................................................................................
L
e
< ....................................................................................................................................................................................................................................................................................
-4
T
F ....................................................................................................................................................................................................................................................................................
<
('8
el [
e
=
Pl | et et a A A AR AR A e Ae e e AR A b A RAe AR A AR AR AR iR A AR AR AR A AR Attt be e sean
o
Z
(@)
(]
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(i) Methanol can be produced from the captured carbon dioxide by reaction with
hydrogen using a copper catalyst.

The equation for the reaction is shown. 8
CO,(g) + 3H,(g) = CH;OH(g) + H,O(g) AH =-49.5kJmol™ (23

—|

Explain why the conditions for the industrial production of methanol are a E
pressure of 50 atmospheres and a temperature of 250°C. r:n
Z

—|

-
.................................................................................................................................................................................................................................................................................... =
>

)
.................................................................................................................................................................................................................................................................................... o
>

o
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA o
2

Q
.................................................................................................................................................................................................................................................................................... vacd]
. =

(Total for Question 17 = 21 marks) X

m

TOTAL FOR SECTION C =21 MARKS _Z_|

TOTAL FOR PAPER = 80 MARKS o

w
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2

©)

|
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=

o

m

2
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o

7

B

)

m

>
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